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Introduction
One of the promising and simple to obtain materials for converting solar energy into electricity are TiO2 and BiVO4 [1, 2] . In order to increase the efficiency of energy conversion of sunlight on these semiconductors can be used various methods of modifying their surface.
For example, the wide-gap heterostructures can be used for these purposes with semiconductor components which have a relatively small band gap (from 2,4 eV for CdS to 1,4 eV for Bi2S3) and intensive direct transitions that allow to effectively absorb visible light in a relatively thin (several hundred nanometers) layer of photoactive substrate [3] .
Thus, in the presence of S 2-and at the appropriate pH, the conduction band potential of these semiconductors is more negative, than in TiО2 and they can be used as photosensitizers, to expand spectral sensitivity of TiО2 electrodes, which act as effective carriers collectors. For this purpose, promising also use the mixed oxides of transition metals, such as TiО2 and V2О5, and heterostructures BiVO4/TiО2 as well.
In such structures light absorption in the visible spectrum was observed, that makes them promising by using as photoelectrodes in photoelectrochemical cells [4, 5] . In Figure 1 (b) by the intensity of the oxygen atoms radiation can be estimated thickness of the oxide films.
The measurement of photoelectrochemical current quantum yield (η) was performed by using of a monochromator MDR-2 and xenon lamp DKSSH-500. The setup for measuring η and the measurement procedure are described in work [7] .
Results and discussion
The obtaining of TiO2 nanotubes by anodic oxidation of titanium can be represented as [8, 9] :
The oxide film begins to dissolve with simultaneous growth, while Ti 4+ ions migrating from the metal to boundary of the oxide / electrolyte distribution and dissolving in the fluorine electrolyte.
The growth rate of the oxide layer at boundary of the metal / oxide distribution and the rate of oxide dissolution at boundary of pore / electrolyte bottom become equal. After that the barrier layer thickness remains unchanged, despite the fact that the process moves further into the metal, and makes pore more deep. The dashed line shows the redox system H2O / O2
As can be seen from Figure 3 
or in two phase for рН> 1.8:
and for рН <1.8: From X-ray analysis of the samples powder (scrapped off from films) ( Figure 5) revealed, that after annealing at 500 °С the BiVO4 monoclinic structure is formed which is sensitive to visible light at wavelengths of 450 -600 nm [4] . 
where hν -photon energy, Eg -semiconductor band gap, m = 1/2 for a direct transition and m = 2 for indirect transition.
Bandgap TiО2, and also V2О5 and BiVО4, which are the components of the films, TiО2/V2О5 and TiО2 /BiVО4 were determined from the dependence (η*hν) 1/2 -f(hv), and also from the dependence of the absorption coefficient in the coordinates (ά*hν) 2 -f(hv) for indirect-gap semiconductor, which is ТіО2 [20, 21] . Eg value, that was calculated for TiО2 electrodes, were ~3,2 ± 0,05 eV. However, the small thickness of the resulting thin films and defects in their structure, as a result of which a current appears in the long-wave region, does not allow us to correctly interpret the longwavelength edge of the photocurrent for indirect transitions [22, 10] . Analysis of the absorption spectra ( Figure 7 (a) ) and photocurrent quantum yield (Figure 6 (a) processes [23, 24] .
The decrease in photocurrent in the longwave range of the spectrum is caused by a decrease in the absorption coefficient at the edge of the intrinsic absorption band of TiO2 / V2O5 at ~ 3.0 eV (Figure 7 (b) ). The decrease in photocurrent in the short-wave area of the spectrum can be explained by the appearance of additional defect centers participating in the recombination processes [7] . Comparison of the absorption spectra of NT-TiO2 films and BiVO4 spectra of photocurrent quantum yield Figure   8 (a) and 9(a), have shown that in absorption at λmax = 420-450 nm, the peak η was observed, which corresponds BiVO4. 
